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Abstract—One of the challenges of modulation techniques used
in Fifth-Generation (5G) is their robustness in noisy environ-
ment. Conventional Orthogonal Frequency Division Multiplexing
(OFDM) cannot be considered as a 5G waveform in its original
form because of its certain limitations, such as performance
degradation by impulsive noise (IN) and high peak to average
power ratio (PAPR). Numerous modulation schemes proposed
for 5G communications are able to overcome these drawbacks.
Generalised Frequency Division Multiplexing (GFDM) is one
of them. This paper analyses the performance of GFDM in
presence of Additive White Gaussian Noise (AWGN), IN and
Narrow Band Interference (NBI). It is found that GFDM is able
to perform better than OFDM and Vector Orthogonal Frequency
Division Multiplexing (VOFDM) in presence of noises, which
can potentially be present in 5G applications. Simulation results
show that GFDM achieve lower PAPR and Symbol Error Rate
(SER) and an average of 10.73 dB and 4.73 dB gain in Signal to
Noise Ratio (SNR) in presence of IN and combined IN and NBI
respectively, as compared to OFDM and VOFDM.
Index Terms—GFDM, AWGN, Impulsive Noise, NBI
I. INTRODUCTION
Fifth Generation (5G) cellular networks require massive
machine type communications (MTC) and support to large
scale heterogeneous traffic of Internet of Things (IoT) devices.
Therefore, to meet the demands of 5G, research on the physical
layer for advanced modulation and multiple access schemes
and improved spectral efficiency is being conducted [1]. One
of the robust modulation technique of 4G is Orthogonal
Frequency Division Multiplexing (OFDM). It is a type of
multicarrier transmission where all subcarriers are orthogo-
nal to each other [2]. Cyclic Prefix (CP) is inserted before
OFDM transmission to overcome Intersymbol Interference. It
increases communication overhead. Vector-OFDM (VOFDM)
was presented as a solution to this overhead. In VOFDM, K
consecutive symbols are bolcked together as a vector sequence
instead of insertion of CP [3]. On the other hand, Generalised
Frequency Division Multiplexing (GFDM) allows CP but it is
shortened using a tail biting technique [4] in order to reduce
overhead and improve spectral efficiency. This is one of the
reasons why GFDM is one of the most acceptable multicarrier
transmission techniques for 5G application scenarios [5].
Despite of extensive study on GFDM, its analysis under
different kinds of noise is yet to be explored. It has been
investigated that the performance of 5G systems can severely
Fig. 1: Addition of noise in the transmitted signal and blanking
performed at the received signal.
be degraded by IN [6]. IN consists of randomly occurring
short duration pulses with high power. One of the simplest
and most commonly used IN mitigation techniques is blanking
which nullifies signals with amplitude greater than a certain
threshold [7]. Various other IN mitigation techniques have
been proposed in literature, but blanking is the simplest and
requires low computation. It is also noted that high PAPR of
the transmitting signal results in more performance degrada-
tion by IN. Therefore, a PAPR reduction technique can be
applied at transmitter to make the signal robust against an
IN affected channel [8]. Another kind of noise, known as
Narrowband Interference (NBI), which has small bandwidth
and short duration, also degrades a system’s performance [9].
There is a need to investigate GFDM’s performance in the
presence of both noises to find its practical suitability in 5G.
This paper analyses performance of GFDM system in
presence of IN and combined IN and NBI, and evaluates in
terms of Signal to Noise Ratio (SNR) and Symbol Error Rate
(SER). The contributions of this paper includes performance
comparison of OFDM and VOFDM with GFDM in presence
of two different kinds of noise to find its practical applicability
as a 5G modulation technique, as well as presenting GFDM as
a solution of reducing IN. The organisation of rest of the paper
is as follows. Section II describes system and noise modeling.
Section III discusses simulation results and conclusion is
presented in Section IV.
II. SYSTEM AND NOISE MODEL
The transmitted OFDM signal in time domain is obtained
by taking Inverse Fourier Transform of the frequency domain
signal and is given as
x1(t) =
1√
N
N−1∑
k=0
Xkexp
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2pikt
T
)
, 0 < t < T (1)
(a) p = 0.01. (b) p = 0.03. (c) p = 0.1.
Fig. 2: SNR with only IN affected channel.
where Xk denotes the frequency-domain signal, j =
√−1, N
is number of subcarriers, and T is active symbol interval.
VOFDM divides the length N blocks into L vector blocks,
where each vector block (VB) has size M , such that N =
LM . The VB is given as xl = [xMl , x
M+1
l , ....x
M+M+1
l ]
T , l =
0, 1..., L− 1. VOFDM does VB-wise IFFT, that is,
x2(t) =
1
L
L−1∑
l=0
xlexp
(
j
2piql
L
)
, q = 0, 1, ...L− 1 (2)
where x2(t) is a column of vector size M .
One GFDM block, x3(t) in time domain is given as
x3(t) = wT (t)
K/2−1∑
k=−K/2
M−1∑
m=0
xk,mgT (t−mTsub)exp(j2pik∆ft),
(3)
where wT (t) is a rectangular window of duration T , K is the
unit slot to divide bandwidth B, such that ∆f = BK , M is
the unit slot to divide time duration T such that Tsub = TM ,
∆fTsub = 1 and N = MK. gT (t) is the periodic prototype
pulse shape and xk,m is the data symbol.
x(t) passed through the channel where Additive White
Gauusian Noise (AWGN), IN and NBI are added. AWGN is
denoted by w1k and has variance σ2w1 = (1/2)E[|w1k|2]. IN
is modeled as Bernoulli-Gaussian random process as ik =
b1kw2k, 0 ≤ k ≤ N − 1, where b1k is a Bernoulli process
with probability p of b1k = 1. w2k is complex zero mean
white Gaussian noise with variance σ2w2 = (1/2)E[|w2k|2].
NBI is modeled by Poisson distribution with probability of
occurrence λ, such that, P (NBI) = exp(−λ)λw3w3! , where λ
is the frequency of occurrence and w3 is the total number
of occurrences in a length N . NBI is given as, nbik =
b2kw3k, 0 ≤ k ≤ N − 1, where b2k is a Binomial process
with probability P (NBI) of b2k = 1 out of N trials. w3k
is the complex zero mean white Gaussian noise with variance
σ2w3 = (1/2)E[|w3k|2]. As shown in Fig. 1, the received signal
after addition of noises, is given as rk = xk+w1k+ik+nbik.
Blanking in used to nullify a received symbol if it exceeds a
threshold Th. The signal after blanking is expressed as
yk =
{
rk, if rk ≤ Th
0, otherwise
(4)
III. SIMULATION RESULTS
The simulation is performed in Matlab, using 64 QAM
modulation, with N = 128, σ2w1 = 1 × 10−5, σ2w2 = 10,
K = 64 and L = 2. The calculations of SNR, SER and
SNR gain are defined in [9]. The average PAPR values of
OFDM, VOFDM and GFDM over 100 simulation runs are
24.1725, 17.2316 and 4.5080 respectively. In case of high
PAPR, power amplifiers of relatively large linear range are
required, otherwise system results in performance degradation.
Due to reduced PAPR, GFDM is an efficient, low cost and low
power solution for 5G.
Fig. 2 and Fig. 3 show respectively the average SNR and
SER of OFDM, VOFDM and GFDM over 100 simulation
runs. GFDM outperforms OFDM and VOFDM at all prob-
abilities. However, no difference in performance of OFDM
and VOFDM is observed. The maximum SNR and minimum
SER is achieved at a specific Th, which is lower for GFDM as
compared to other schemes. This may be considered as a result
of the huge PAPR difference of GFDM and other two schemes.
Fig. 4 shows the average SNR of OFDM, VOFDM and GFDM
over 100 simulation runs. The maximum SNR is achieved at
λ = 0.1 and the minimum SNR is achieved at λ = 0.5. This is
because the blanking non-linearity is exclusively a solution to
IN mitigation. Therefore, performance degradation is observed
with increasing λ.
Fig. 5 and Fig. 6 show the gain in SNR by GFDM as
compared to conventional OFDM. The highest gain occurs
at p = 0.01 with a 13.88 dB difference for only IN affected
channel and 6.95 dB gain for combined IN and NBI affected
channel at p = 0.01 and λ = 0.1. On an average, the
SNR of GFDM is 10.73 dB and 4.73 dB higher after passing
through only IN and combined IN and NBI affected channel
respectively. The SNR gain is not only dependent upon Th,
but also the probability of occurrence of IN (p) and NBI (λ).
IV. CONCLUSION
The performance of GFDM is analysed and compared with
OFDM and VOFDM under individual and combined influence
of IN and NBI. As blanking non-linearity is applied at the
receiver to mitigate IN, it is observed that the best results of
blanking are observed with GFDM with averagely 10.73 dB
higher SNR than conventional OFDM in case of IN only
and 4.73 dB higher SNR with combined IN and NBI. Since
blanking is the simplest form of IN mitigation scheme, some
(a) p = 0.01. (b) p = 0.03. (c) p = 0.1.
Fig. 3: SER with only IN affected channel.
(a) λ = 0.1. (b) λ = 0.25. (c) λ = 0.5.
Fig. 4: SNR with combined IN and NBI affected channel at p = 0.01.
Fig. 5: SNR gain with only IN affected channels.
Fig. 6: SNR gain with IN and NBI affected channels.
other advanced techniques to reduce both IN and NBI may
lead to further improvement. The results are varying with
blanking threshold and best results are only achieved at an
optimised threshold, which is different for OFDM and GFDM.
The reason for this threshold difference can be considered
as the result of difference in PAPR. The PAPR of OFDM is
approximately 5 times the PAPR of GFDM. Therefore, better
results of GFDM make it a suitable for 5G scenarios.
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